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In conventional susceptibility evaluation of geo-hazards, there are some limits, such as unreasonable
division of evaluated region, difﬁculty in quantifying evaluation indicators, time-consuming calculation.
To address these problems, we try to employ the software ArcGIS to evaluate geo-hazards susceptibility.ccepted 28 November 2012
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The study area of Yaozhou County is automatically divided into 3562 units. Based on the spatial overlay
analysis function of ArcGIS, quantitative evaluation of geo-hazards susceptibility is implemented in the
study area, and the geo-hazards susceptibility zoning is mapped. It is observed that the evaluation results
match well with ﬁeld investigations.
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. Introduction
Geo-hazards susceptibility evaluation is a critically important
ssue in regional geo-hazards investigation, which plays an impor-
ant role in risk assessment, disaster-induced loss assessment and
isaster prevention (Zhang et al., 1998; Pan and Li, 2002). ArcGIS
s a commercial software of geographic information systems, and
he spatial information and its characteristics can accurately and
ully be output to users in terms of texts or pictures according to
peciﬁed needs. The rapid evaluation of unit division and spatial
verlay analysis function of the ArcGIS can avoid time-consuming
tatisticswork during evaluation of geo-hazards susceptibility, and
eanwhile, the evaluating results are roughly accurate (Zhang and
in, 2005; Zhang et al., 2006; Ma and Tian, 2009; Dong et al., 2010;
hang, 2011).
Yaozhouarea is located in the southern edgeof the Loess Plateau
n northern Shaanxi, a transition zone between the Ordos platform
ectonic unit and Fen-Wei Graben tectonic unit. The terrain tilts
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rom northwest to southeast. Its relative altitude is about 1196m.
he highest point is the peak of Changshe Mountain at elevation
f 1730m, and the lowest one on Zhaoshi river valley at eleva-
ion of 536m. Based on the geological characteristics and genesis
f the terrain in Yaozhou area, it can be roughly divided into three
egions, the northernmountain region, the central residual plateau
ully region, and the southern valley and platform region, respec-
ively. The average elevation of the northern mountain region is
350m, and undulating hills, valleys and lush forests are widely
istributed. The elevation of the central residual plateau gully area
anges from 900m to 1250m; the terrain is wavy and slightly tilts
owardsoutheast.Due to the strong river erosion, valleysaredeeply
ut, gullies are criss-crossing, plateau surface is broken, and soils
re seriously eroded. The elevation of the southern valley and plat-
orm region ranges from 650m to 900m; the terrain is smooth,
haracterized by thick overburden soil layers. The climate in the
tudy area belongs to the warm semi-arid to semi-humid mon-
oon, the winter is dry and cold, but the summer is hot and rainy.
he annual precipitation signiﬁcantly varies, especially the precip-
tation from July to September accounts for more than half of total
nnual precipitation.
For the coupling effects of special geological and climatic con-
itions and the inﬂuences of human engineering activities, the
eo-hazards in Yaozhou area frequently occurred, and it seriously
hreatened to the life and property of local residents. In this paper,
valuation of geo-hazards susceptibility is carried out in Yaozhou
rea by ArcGIS based on ﬁeld investigations, which is helpful for
romoting the prevention and control of the geo-hazards.. Geo-hazards characteristics
In this study region, the geological condition and geo-hazards
n Yaozhou area were comprehensively investigated, and 372
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Table 1
Geo-hazards statistics in Yaozhou area.
Type Total number Description Number Percentage (%)
Landslide 120
Unstable 28 23.33
Basic stable 79 65.83
Stable 13 10.83
Collapse 66
Basic stable 15 22.67
Stable 51 77.33
Debris ﬂow 2 Low-prone 2 100
Unstable slope 175
Unstable 124 70.86
Basic stable 51 29.14
Ground collapse 6
Unstable 2 33.33
Basic stable 4 66.67
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eo-hazards points were observed. The disclosed geo-hazards
nclude 120 landslides, accounting for 32.26% of the total geo-
azards points; 66 collapse points, accounting for 17.74%; 2 debris
ows, accounting for 0.54%; 175 unstable slopes, accounting for
7.04%; 6 ground collapses, accounting for 1.61%; 3 groundﬁssures,
ccounting for 0.81%. The statistics of geo-hazards in Yaozhou area
s listed in Table 1.
Generally, landslides, collapses andunstable slopes are themain
ypes of geo-hazards observed in Yaozhou area, and are mostly
oncentrated in speciﬁc terrain units. The plane appearances of
andslides are signiﬁcantly varied. The soil overburden thicknesses
f the landslides are shallow, and the mechanical failure modes
re clear. Collapses are small scaled but extremely harmful, which
re caused by slope or cliff damage. Unstable slopes are mainly in
onvex and linearly shaped.
The potential hazards, such as debris ﬂows, are also serious.
hey would occur if the artiﬁcial waste piling up in the channel
ecame the sources of debris ﬂow under sufﬁcient hydrodynamic
onditions. Ground collapses are the most serious geo-hazards
ecause of their poor stabilities and wide distributions, and they
ill threaten to the security of life and property in the affected
reas.
. Geo-hazards susceptibility evaluation based on ArcGIS
.1. Information content analysis model
The information content can be obtained in the model as the
uantitative indicators for geo-hazards susceptibility evaluationby
nalyzing the amount of information of various inﬂuence factors on
he slope deformation and/or failure. The calculation principle and
rocess are shown as follows:
1) Calculate the information content I(xi, A) of slope instability (A)
provided by single factor xi:
I(xi, A) = log10
P(xi/A)
P(xi)
= log10
Ni/N
Si/S
(1)
where P(xi/A) is the probability of xi that appeared in the slope
deformation and/or failure conditions, P(xi) is the probability
of xi that appeared in overall condition, S is the total number
of known sample units, N is the number of known deforma-
tion and/or failure sample units, Si is the number of unit xi that
appeared, and Ni is the number of deformation and/or failure
unit xi that appeared.
t
y
w
stive 1 33.33
id-active 2 66.67
2) Calculate the information content Ii of the slope deformation
and/or failure on some units provided by combinations with p
kinds of factors:
Ii = I(xi, A) =
p∑
i=1
log10
Ni/N
Si/S
(2)
3) Determine the stability level of the unit according to the values
of Ii:
(a) Ii <0 indicates that the probability of deformation and/or
failure of the unit is less than the average probability of
deformation and/or failure in the global region.
(b) Ii =0 indicates that the probability of deformation and/or
failure of the unit is equal to the average probability of
deformation and failure in the global region.
(c) Ii >0 indicates that the probability of deformation and/or
failure of the unit is larger than the average probability of
deformation and/or failure in the global region. The greater
the value of the information in some units is, the easier the
deformation and/or damage of the slope is.
4) Identifymutation point as the cut-off point by statistical analy-
sis (subjective judgments or cluster analysis) to divide this area
into different stability levels.
Because the basic data of evaluation indicators mainly come
rom quantitative description, they must be normalized before
eing used in evaluation model.
.2. Evaluation indicators and their weights
Geo-hazards susceptibility is controlled by the basic geological
onditions and external factors. Seven factors are selected as the
ndicators of geo-hazards susceptibility evaluation, i.e. slope gradi-
nt, slope height, slope type, rock and soil structure, precipitation,
egetation, and impact of human engineering activities.
Combined with previous research results, the weights for the
valuation indicators are determined by grading from experts sys-
em. Experts assign scores to the evaluation indicators in order of
mportance, and all scores from experts are counted to obtain a
et of weights. Then evaluation is conducted using theweights and
he rationality of evaluation results is analyzed. Finally the anal-
sis results are returned to the experts. Experts repeatedly revise
eights until the evaluation results are consistent with the actual
ituation. Final weights are adopted as shown in Fig. 1.
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Control factor 
of geo - hazard
Impact factor 
of geo-hazard
Geo -hazard 
susceptibility 
evaluation 
index system
Slope gradient (0.18)
Slope height (0.2 )
Slope type (0.04)
Rock and soil
structure (0.25)
Precipitation (0.08)
Vegetation (0.05)
Impact of human 
engineering activities (0.2)
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(Fig. 1. Geo-hazard susceptibility evaluation indicators and their weights.
.3. Quantitative evaluation indicators
Evaluation indicators include quantitative and qualitative indi-
ators. The qualitative indicators, such as slope gradient, slope
eight, rainfall, can be determined through appropriately numer-
cal transforms of the original observations. Before the qualitative
ndicators are obtained, they must be classiﬁed according to an
valuation index grading criterion established in advance. Thus,
he values of every qualitative indicator can be assigned in order of
heir importance.
1) Slope gradient
The slope information of the survey area is extracted andnor-
malized fromdigital elevationmodel (DEM)usingGIS software.
When the slope gradient is greater than 40◦, geo-hazards occur
frequently, so the indicator value of slope gradient is deﬁned
as 1. When the slope gradient is less than 10◦, the frequency of
occurrence of geo-hazards is low, so the indicator value of slope
gradient is deﬁned as 0. In the slope gradient from 10◦ to 40◦,
the indicator values are determined by normalized probability
of occurrence of geo-hazards.
2) Slope height
Geo-hazards mainly occur at slope height of 50–100m, thus
the indicator valueof slopeheight is deﬁnedas1when the slope
is higher than 100m, and linearly assigned from 1 to 0 when
the slope height is less than 100m.
3) Slope type
Slope type can be described quantitatively by the slope cur-
vature. The curvature of linear and/or convex slope is equal to
or greater than 0, and that of the concave and/or ladder-type
ramp slope is less than 0. Therefore, the surface curvature infor-
mation can be extracted from the DEM data using ArcGIS, and
then normalized as the slope type indicator.
4) Rock and soil structure
There are four types of rock and soil structures: thick
hard rocks, alternating layers of thin semi-hard to inter-
mediate hard rocks, gravel, and loess. The thick hard rocks are
mainly distributed in the easternmountainous region, and geo-
hazards are rarely reported, thus a value of 0 is suggested. The
alternating layers of thin semi-hard to inter-mediate hard rocks
are basically distributed in valley sides, but geo-hazards occur
frequently, thus a value of 1 is recommended. The gravel is
mainly distributed in valley region, and the geo-hazards are
rarely reported, thus a value of 0 is suggested. The loess is
mainly distributed in the Loess Plateau in eastern area, and
many kinds of geo-hazards occur here, thus a value of 1 is
considered.
3
eFig. 2. Evaluation unit map.
5) Vegetation
The indicator value of vegetation is calculated using MODIS
remote sensing data in survey area.
6) Precipitation
For precipitation, rainfall uniformity coefﬁcient is selected
as the indicator of precipitation. The rainfall uniformity coefﬁ-
cient is deﬁned as the ratio of the average rainy season rainfall
(from July to September) to the average annual rainfall, and it is
normalized and interpolated from 0 to 1 in the study area. The
rainfall uniformity coefﬁcient can truly reﬂect the heterogene-
ity of rainfall. The greater the rainfall uniformity coefﬁcient is,
the more concentrated the rainfall is.
7) Impact of human engineering activities
The impact of human engineering activities on the formation
and development of geo-hazards is very complex. Meanwhile,
it is very important to consider human engineering activi-
ties in the geo-hazards susceptibility evaluation. The indicator
of human engineering activities can be simpliﬁed as follows:
the construction of county main towns, highways, railways,
and national roads signiﬁcantly affects the geological environ-
ments, so the human engineering index of important projects
of this kind is assigned the value 1. In the inﬂuential area of
the smaller towns, larger villages, and provincial roads, a value
of 0.75 is suggested. In the inﬂuential area of smaller villages,
county, and township roads, a value of 0.5 is suggested. For
regions without human engineering activities, a value of 0 is
considered. The quantitative approach has real physical mean-
ing. The more intense the human activities are, the greater the
probability of causing geo-hazards is..4. Division of evaluation unit
There are many methods for division of evaluation unit, and
ach has advantages and disadvantages. The division form and
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nFig. 3. Geo-hazard susceptibility zoning m
he dimensions of unit have major impact on the evaluation
esult.
Grid unit method is the method used frequently, and it has the
ollowing merits: the unit can be rapidly divided using GIS; the
aster data is in matrix form; and the computation can be com-
leted quickly. However, its limitation is that the unit cannot be
ystemically combined with topography and geo-environmental
onditions. The evaluation unit should fully consider the environ-
ental conditions of the geo-hazards formation. On the basis of the
EM data, the study area is divided into 3562 units using hydro-
ogical analysis method by GIS (Fig. 2).
.5. Results of geo-hazards susceptibility evaluation
Determination of boundary value is one of the key issues in
eo-hazards susceptibility evaluation. The commonly used meth-
ds are mutation point method and the equal spacing method. For
ffectiveness, the former is used in the study. Because the eval-
ation value mutation is the response of the geo-environmental
utation, thus the degree of geo-hazard susceptibility changes
ramatically. The mutation point method can easily divide all
tudy area into geo-hazards-prone regions with different grades:
igh-prone, mid-prone, and low-prone. The mutation-prone
oints are calibrated as the boundary value through statistical
nalysis.
The geo-hazards in the regionwere surveyed in July andAugust,
010. The geo-hazards susceptibility zoning map and the actual
urvey results are shown in Fig. 3. It can be seen from Fig. 3 that
he actual survey results and the quantitative analysis results are
oughly consistent, and the most of measured geo-hazards are
ocated in high-prone areas and mid-prone areas.
It is noted that high geo-hazards-prone areas are mainly dis-
ributed on both sides of the Juhe river valley and the Qishuihe
r
c
m
sd actual survey results in Yaozhou area.
iver valley. The area is about 361.7 km2, accounting for 22.3% of
he total study area. In this area, 61 landslides, 38 collapses, 95
nstable slopes, 5 ground collapses and 1 ground ﬁssure were
bserved. The intensity of geo-hazards is 0.553 point per kilome-
er.
Intermediate geo-hazards-prone areas aremainly located in the
entral residualplateaugully regionandnorthernmountain region.
hearea is about748.7 km2, accounting for46.16%of the total study
rea. In this area, 51 landslides, 23 collapses, 75 unstable slopes,
debris ﬂows and 1 ground ﬁssure were found. The intensity of
eo-hazards is 0.203 point per kilometer.
Low geo-hazards-prone areas aremainly located in the bedrock
ountain and the surface area of the Loess Plateau. The area is
bout 511.6 km2, accounting for 31.54% of the total study area. In
his area, 8 landslides, 5 collapses, 5 unstable slopes, 1 ground col-
apse and1groundﬁssurewere found. The intensity of geo-hazards
s 0.0309 point per kilometer.
. Conclusions
From the results, it is shown that the geo-hazards in Yaozhou
rea are distributed in particular terrain regions. The distribution
nd type of the geo-hazards are controlled by the topography, and
he formation of topography is controlled and inﬂuenced by the
eotectonic. In the Loess Plateau gully region, the geo-hazards are
ell developed due to fragile natural environment, low vegetation
overage, and serious soil erosion. Meanwhile, the human engi-
eering activities have great impact on the geo-hazards. In Juhe
iver valley andQishuihe river valley, the towns, villages, and roads
onstruction and other human engineering activities are very com-
on. The irrational slope cutting frequently decreases the slope
tability. Thus a variety of geo-hazards are induced.
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The actual results of geo-hazards are consistentwith the quanti-
ative analysis results, andmost ofmeasured geo-hazards occurred
n high and intermediate geo-hazards-prone areas. Thus, the eval-
ation results of geo-hazards susceptibility in the study area are
reditable.
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